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M Cooling of, Anesthetized Parialyzed' Dogs
During, Hypercapnia and B-adrenergic
Blockade

'fVILLIA5! E: JhwuxL)o and STMPIENJ M.'GAIN
((JSAF SchooL of Aerospace Mfedicine, Brooks.Air Force
0,3ase, Texas 78235,

PEPIELKO, WN. E., and, S. N. CAIN'. Cooling of Anesthetized chianges in b~ody -teinjvcrature and heat production in
Paralyzed Dogs Duringjllypcrcapnia and fl-adre:iergic Blockade, anesthetized paralyzed-dogs, artificially' ('*ntilatcd and

AeopaeMe.#33~2729;07.cooled in a water b~ath at 3400 whilei breathing gas
Oxygen consuimption and botly temperature were measured in t

mnale mon_0grel dogs, aniesthetized,,paralyzcd, artificiallyzventilated mnixtures high in Cv'j. *In this preparation ail variablels
Fand cooled- in a wvafer bath at W4 C. Trcatments ifichided iii- affecting, hlict production or heat loss Wcrc eliminated
spiration of 105% or 20%,CO2, fi-adrenergic blockade (propranolol) with the exception of chianges in circulatio'l and ndin-
and #-blockade p'luis 10% CO.,. Oxyge:i consumption in nsl/kg/ shivering thermiogenesis. In addition, the effects of hi\'-nun TPD fte watr nnserIo showed an average increase of0.min STDaitr brathringconrsols hu wdcesdn vrg ftl percapnia were also compared -with that of a P-aclrener-
with fl-blockade,,0.69 iAlth 10% COg inslir6iofi, 0.70 with 10% gie blocking agent which influences thermioregulation
CO. phis fi-blockade and 1.35 with 23%7c-Co, inspiration. All ex- pC7 arl by iniiino nnsieig5hro c
perimental groups had a lower post-treatment oxygenII consumip. SiS20.

r tion thfibi contrO!, (P < .05) with the 20% CO.- groiiip exhibiting
a greater depreision. than thie other three experimental groups
(P < .05). The rdte !!f decliiic in body temperatures was grýatcr METHODS'
while breathi'ng 20% CO: than room air (P < .05). It was eonl-
eluded that Iiypercapnia inhibits fl-adr'energic calorigenic W'eclian. qt n!ge lg egig1 o2 gwr e
isms while having little apparent effect upon heat loss. 0etdit iegop fe(ulnnle ihtesm

- -- --- average body weight in each group. They wvere afii's-
thetized with sodium pentobarbital, 30: mg/kg and

A POTENTIAL HAZARD of closed einironments catheters were placed in a femoral vein~for infusion and
1.suich as spacecraft, submarines or undergr'ound loca- ;t femioral artery for sample collection. Following trach-

Ainss ~bidu o 02 nth gseusevionen. costomy~ the dogs wvere respired with a Harvard Model
Aniongdthe physiological effects of hypercapnia is ai de- 607 resprto pm.Msuar paralysis was induced
L.crease in the ability to~manatain body temnperatuttre. Thi \\ ith a primiing' dlose of about 2 iug of suceinyleholine' fin-
le senled thermioregulatory capacity has been reported trnt\Venousi.S\ followed bv a1 Constant infusioni at .23 Ing1 ,
in dog,l luunanS,2 rats2

1N anll miice."' A (decline ii nin. The respirationi piump was set to give an arterial
lbody temperature could 1)e (duc to either all inhlibit!0on Peo,1 between 35 to 410 torr while the (log breathed air.
of calorigenesis, an increase in heat loss, or both. H eat Iuiid \" as mnot readljusted. Ilypercapniai was i'adueed \\ ith
production can be influenced by voluntary Imovt'flldAt, a Oias mi'd~ure containing either 10% or 20% CO0, +
the work of breathing, shivering, or a basic chamge itn 2r; 02- fromn at -I-cui-ft cinvli-me fitiud wvith a dlematnd
Oc'ieical processes at the stibeellumlar level. Heat loss, Onl regulator atnd connected to the intake of the respiration
the other hland mnay be iniluet)ed not'only by circula- t ftll) -a(renlergic blockade was attained by' intra-
tory changes, but also by the (legrmf of piloerection \~enous injection of 0.5 mng/kg prolpranolol e'venv 30
sweating and( hvpcrvcntilatirmn. mnin. Previous emncrience has shown that this (lo.ý(e lle~el

The present experimenec was designed to ineasitrc and inte'rval wo d give complete fl-blocikade umnder
normnal conditions. The (logs wete cooledl by total im-
mn('rsion in 'A large w~ater bath wvhich w~as stirred and

'Then research reported in thmis paper was coniductedl by personi- mananda eprtr f30 ycruaIn
itel of the Hnviroinnental Sciences Divsion, USAF School of thmeric~ostatically controlled water through a copper coil
Aercsp-ice Mtediciine, Aerospace Medical Division, AFSC, United inl thle bathl.
Statvs Air F.,ru. Brooks AIMB, Texas. Fmirthlv reprodot Is.t10i, 17i L. 111l of imteml 'dblood \\U et. collveted .nmlnemobieANll
aumthorized to satisfy the needs of the U.S. Governmnent. inoaIprnzd ls yig n imncitl a-

Thme animals involved in this study were mlaintainedl in ac- alzdfrpl 0 and ) in Intueaio
(-mlranee with the "Guide for Laboratory Antimal Facilities and ,i~.~ fo pA.~ n n ntuetto
Care" its published by thme National Acadein) of Se&"nces- \a. Laboratories blood gas analyzer . a temperature of
tional Recsearchi Council. 3700. The results wiere corrected to thov -body tempera.

1-1h eprlinte frontm Ae'IosiWC(' Medicine, Vohtn ie -13. Noiniber 3. March. 1072
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hure at the time of sampling. Oxygen consun ptioi, (P < 05).Althoutgh 6% O. appeared to have a-sightly

-oie-ted to STPD, was measu'ried by c6lle nig, 1grcater dcpressing effect on oxygen -ptake'th~n pro-'
the expired.gdis into"Douglas bags, iersuring~the :vol- pminolol..1this q Terencc-was-not significant. The, coin-
time, aind analyzingth, ox'gen-fraction with a Beck- Vbnairi!romyea in talho failed, to depress oxygen, coi.siimp-
man E-2"oxygeh analyzer and the carbon dioxide-fraic -tionfi s:gnifi) ly iimore than 10% CO( or propranolol
tion with a Beckman Model'LB1 carbon dioxide.analyz- alone "
er. Body temperature, Was measured' by,.placing a. Body teo era.ture changes are shown in Figure 2.
thermisior prcb9 iifithe esopniagusnear the level of'tlie- Changes .'tflI,timie were fitted toW cxponential curves;
heart. body ten" 'ttuec 8 +ae'*. These, parameters are

After adjustment of, ventilation, about 30 nin were showif t,,v able IlL The 20% C02 group differed
allowed- to'elapse or"Un .il bodytemperatures were sta- sign.fieari ly,`from controls, having a lower estimated
ble prior to the start of the experiment. Expircdgas was asympto'P kiul a greater ,rate of temperature decline
then collected for 30-min while the dogs. breathed-room (P < ,( r.' fhe total decrease in'body-temperature diir-
air. 'Gas saiiipleswere collected for 10-mini periods-and ing tlw , .hr, treatment period, averaged .1.00*C for air-
anIalyzed: After thecoritrol period, the dogs wereplaced br~eat!i .- ontrols, 1.5900 with propranolol, 1.68*C
-in the water hath. ,Iigh CO , and/or f-blockade was with V' 0-C6, J!.65*C -with 'propranolbl + 10% CO.,
begun immediately after immiersiohi. Gas samples were and ' %. -wih 20% 5o ,02. A 'comparison of' these
collected every 10 mnin and~blood samples taken every nmar ...Jines using Duncan's-multiple range test also,
30 min. The five experimental groups had eight animals indi'r ,ed"that the group'treated with, 20% C02 differed
'per group.The five experimental conditions were roov. - fren "-htrols at the 5% level, while 'the other three
air, 10% C02, propranolol, propannolol + 10% C, 2,. ti ý.. fit groups had piobability values of about .10
and 20% C02. w, ýi. oumpared with controls. There was no indication

of Thiyisynergism between C02 and propranolol.
RESULTS

Arterial pHI, 'q, 'Po. and percent oxygen satura- 1Y SjQUSS1ONtion are shiownof"f ;able 1'. Inspiratibn of. 107/.a CO.2 r6-
stilted in a pH betabe7 7.1. Wfibn 20%'CO-", ,r- jilthouglh the 34"C ,'walir bath was .a very mild cold
terial blood p1 decreased further-betwcen 6.8 and 6.9. st, ss, even the room air by'p-thing dogs were unable to
Propranololtreatner. talone resulted-in a slight increase -4:aintain their-body temipeeitures.coinpletely. Earlier re-
in~pH assoc'-ted with a slight decrease in .Pco,, parts ha\ve shown that, the \non-cold adapted dog can

Pretreatment oxygen consumption and, body ,temper- 66)ly increase non-shivering tVermogensis to a small cx-
attire are shown in Table'II and the percent clangein, refit.," Otir room air breathing (logs were able to in-
oxygen consumption in Figure 1. The average change im crease oxygen c6nsuimption an average of only 0.41 ml/
oxVyen consumption from pretreatment levels in-ml/ kg/min vhile immersed in the water bath. Since the
kg'/min STPD were control +0.41; propranolol -÷0.3l animals.\could nothshiver, ,their defense against c'cld was
10% C002 -0.69; propranolol. + 10% 0O., -0.76; an'd, quite liniited. It is possible that the deehne in tempera-
20% CO, -1.35. All the experimental groups showd- a ture itself may have affected metabolic rate even though
lqower pposttreat'1ienttoxygen consumption than ,controls this decrrnment in body temperafure w•is'quite small, To
(P < .95), with the 20% CO2 group showing a'gr:petei test this possibility, oxygen consumption was I measured(
depression than the other three experimental gibups in two dogs exposed to 10% and 20% CO in a theimo-

TABLE 1. ARTERIAL'BLOOD GAS AND pin MEASUREH.MEINTS OF DOGS BEFORE AND DURING IMMERSION IN A'
3 11 C WATER BATh N = 8 FOR ALT, GROUPS.

Time in
minutes -30 0 30 60 90 120

Aiteral'i~ll

Control 7.352 ±-.036 7.352=.026 7.382± .0A8 7.393.-t.035 7.378 t..039 7.380 *.0 M
10% CO, 7.3.10 .021 7,348 : .031 7.001 ± .028 7.014 "* 020 7.037 t .038 7.051 " .037
l'ropianohlo 7.303 ± .032 7.372 ..037 r7.307 - .029 7.407 : .034 7.393 ± .039 7,403 t .035
10% CO, + Proprmnoli17.3510 ! ,020, 7.346:t1.028 7.059 t .028 7,01 I, 032 7.03,1 .030 7.053 - .010

20% CO. 7.305 t .023 7.302 ± .039 0.879 t .038 6.819 ± .014 0.830 d .069 0.860 d .067

Arterial ilood,P4 ,

Control 78.0 :! 2.7 76.2 ± .1.9 70.5 ± 8.5, 67.7 " 7, 064.7 ± 7.1 63,1 1 .t.1
I11%CO. 79.2±7.1 70.2±7.5 81.1 ± 5,J 81.8- 8.• 80.8t 0.7 70,6= 8.0
Propranolol 78.8 ± 8.0 78.1 "t 7.2 72.3 t 8.9 75.5 ± 8.3 72.41 * 0.9 68.8 ± 12.7
10% CO, + Propran.olol 79.3 ± 7.4 7806 -- 7.4 83.6 18.0 83.1 :L 15.5 82.4 ± 1.1.0 82.A t 1.1.3
20% CO. 82.0 t .1.2 80,2 -- 7.0 88,9 L 0.0 80.1 : 11.0 82.3 * 12.2 81.1 ± 12.0

Arterlal Blood P1,.,
Control 111.1 ± 2.3 30,0±3.0 35A , .1.2 35.7 "t 3.4 35.110! 3.0 33.3 * .1.5
10oCO, 361 ±3.9 30.1 ±3.0 77.0'11.5 83.8±12.3 80.3_12.2 88.5 710.1
Propranolol 30.A-I 2.A 30.1 -2.0 33.0±2.7 32.0--L 2.0 31.0± 2.5 31.8 = '2.8
10% CCOS + Propranolol 38.06± 2,3 37.9 ± .1.0 83.0±-8.4 01.1± 3.4 8.1.0 ± 0,0 88.3A± .,5
200%CO, 30.8t3.2 38.0±3,1 120.3±5.0 110.0± 0.7 121.0± 7.2 11.1.5t11.3

* Standard deviation

288 Aerospace MAedlchic * March, 1972
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neuutral environmen~t. The decline nitio~crt as i, h ru;;nprn'0 CO~iSincc, inl carlierstd
similar to those placed.1a th~e water bath and 'is in 'ics. . lypercaptua resultediAn- a i Inorc -marked depressibn
agreement with cailier'ork4' 2  -of body temperature than int1 pcet~prmit 2 ~1

A copri son of- thc mectaboli~c effc.-ts of C02 and it is, probable that some of thlc thenno-.egu~atby -re-,
ýiprrnoo sliowed'tiat 10% COIinspiration resulted in qpons~s eliminDated in this study such a's shiverhin and,
the samie or. a slightly greater cibc Iline in, oxygen con- piloerection arc affected by CO_.,
sumptioti than ivitli -propjranolol'alone. HeweVecr, when- The relattively smrall. decline in body temperature thlat
10%l CO_ anld.propranolol were-givcni together, thc de- did occur (luring hyp Prpna or fl-blockade can easily
creaise in oxygen consumption was no~ greater than with. be accotinted'for by a =cesc inl ietabolic rate. Morie-

1QCO2 aide. in~ce the dosage' of proprano~lol was over, propranolol has been showvn'to Oxert its hypother-
itdjusied to gi~e complte beta ~adrenergic block-ade, inile effects~primarily by inhibition oLnonshivering ther-
10%ý,CO-~evidently inbibiti, the saini!rcalorigcnic mccli- miogene~sisY" Nevertheless, the possibility that CO2
anisin as propranolol. The; aete ccalorigenic, response to inhalation results in increased heat loss tbroughiperiph-
cold-has 'been shown 'to, bc primuarily catechiolainine eral vassodilatation cannot be ruled out. Mlany reports in-
mnediated.0) Morcov'er, dsieits stimulation of cat- dicatW that the dirct effects of CO2 are vasodilatory. 1.7.13

echiolamme release,' 2* . -.1 .1 'hpercapnia also inhibits H~owever, in recent studies, hypercapnia resulted in
sdiiie of the functionalrcffects of cateccholamines."'; The onlysmiall irregular changes in forelimlb resistancc'in
cvidgilee therefore suiggpstsdhlat C02 blocks catechiola-
iitnin-"'iiidiated~caloirigeinesi~.ýand does so despite an in- 0-0 CONTROL
crease in circulating epinephrine and- norepineplirine 10 0%C10

V ~~~levels. RPAOL
If it'is assuiiod 'thiat 10% CO2. results in complete A~PORNLLI%0

blockage of 'beta adren.orgic ciilofigeni6 mechanisms,.10
then. 20% C02 must~haiib hn additional cffect,,ovei and
above that due to becta blockage. Even with 10% CO_.2  r
there-is a slightly larger decline in metabolism, although 1-100

V nonsignificantin~tluis case, than withi lropranolol ailone. 0
As 'ntracellular hydrogen ion" levels cincrease with in- U
creasing, Pco~, mnany enzymes will be~further removed 0 90
(rom their pIT optimum. It is~thus likely that very, high 3
levels of&O2'-restilk inwa general- iihibition of many-en- _0
zyme systemis including those involved in calorigenesis.

Ani increased] "rate of biddy' tciperature decline oc-0
eurired during& severe Ihypercapnia desp~ite-the(, elimina- 70tion ol-inatty responses that-can affect therinoregulation, 030 .60 90 120
such as swveating, piloerection, hylperventil ation, and IEI IUE
shivering. The difference 'bctetcen dbg,ý breathing afr Fig. Ji. Thle p~ercen! chanige ill ox)-gen constiisiption during
or do2 wssmall, and of borderline significance e'x~cept 120 mil of e.mmsure to time ex\perimiental env'iroomnets and in,):

mnersion inl a 3Vi~ C wvater bath. All groups showed a significant

TABLIE h.. PRETREATMENT OXYGEN UPTAKE AN~DIODY TEMPERt- drP in VC onau ihenrI~( 0) ~htm
ATURF. V0, WVAS CALCUIATRI) FORl EACH DOG, FROM\ 3, C:O2 group showing a greater drop) than the other three experi-

15.Mil-SAMtPLES, W1TIUS-DOG5'P~FI GROUP. imenital groiipl (P < .05)5.

11oont111 iir 1roirnotol 10% O, Propranolol 20% CO2  0C0

t 2 mi/kg/min 0.08 5.00 0.33 5.88 A0.58 00PROPRANOLOL'I0%C0
2

STPD 1 . 0.720 * 0.71 L !j.88 t 1.33 t 1.0 1 2%
Bodly temperature 37,5 37,1 37.5 37,8 37.4-

*C~ht O01me ±t 0.08 :t 1.03 :!: 0.80 t 0.63 ±t 0.7-1 -050-

Stant lprd deviation To

TABLE fft. PARA~eiETR ESTIMATES,OBTAIN13D FRtOM Fjrri'NO 1
BODY TEMPERATURE-AMFANS TO THlE EQUATION BODY

TEMPERATURtE (OC) = -1 + ao"0. N = 8 DOGS PER GROUP
WITHI 13 MEASURIIEENTS PER DOG.-zo

Group i-a l '-250--
30 60901 120

Conrol303 141.010 TIME IN MINUTES
1017Vcot 35.2 2.47 .011
Propronolot 35.0 1.00 .015 Fig. 2. T'he decline inl body tem'perature during 120 mil of
107. Cot + PfIIpWIIlIIot 33.2 2.18', .012 exposure to thei emwourimntal environments and Imnmersion inl a

207.co,31.0 3.00 013 34* C wvater bath. Exponitre to 20%'1 CO: resulted inl a more rapid
4Slgimdflcantly different from mraonth (P <.05) drop ill b~ody) temmperatnrc than control (P < .05).

Aerospace 11edichic - M~arch, 11)72 289
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